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A sorbent article having a substrate having porous channel 
walls defining open channels, and an organic-inorganic 
hybrid sorbent material distributed on a surface of the porous 
channel walls, wherein the sorbent material is derived from an 
amino-functionalized alkoxysilane and a polyamine, wherein 
the Sorbent material is present in an amount equal to or greater 
than 10 g/l, wherein at least some of the sorbent material 
resides in the porous channel walls and forms CO adsorption 
sites within the interior of the porous channel walls. The 
article may be useful, for example, for removing CO2 from a 
gaS. 

8 Claims, 2 Drawing Sheets 

  



US 8,647.412 B2 
Page 2 

(56) References Cited 

U.S. PATENT DOCUMENTS 

2009, 0220764 A1* 9, 2009 Hatfield et al. ............ 428,315.9 
2010, 0212495 A1 8/2010 Gadkaree et al. 
2010/0300289 A1* 12/2010 Jiang ............................... 95/136 
2013/0012633 A1* 1/2013 Jiang ............................. 524/252 

OTHER PUBLICATIONS 

Leal O. et al., “Reversible absorption of carbon dioxide on amine 
Surface-bonded silica gel'. Inorganica Chimica Acta, 240, 1995, pp. 
183-189. 

De Lathouder et al., “Polyethyleneimine (PEI) functionalized 
ceramic monoliths as enzyme carriers: Preparation and perfor 
mance'. Journal of Molecular Catalysis B: Enzymatic, 50, 2008, pp. 
20-27. 
Wang et al., “MFI Zeolite with Small and uniform intracrystal 
mesopores'. Angewandte Chemie International Edition, vol. 45, No. 
45, 2006, pp. 7603-7606. 
Jason C. Hicks, et al., “Designing Adsorbents for CO2 Capture from 
Flue Gas-Hyperbranched Aminosilicas Capable of Capturing CO2 
Reversibly.” J.A.C.S. Communications, 130, 2902-2903, Feb. 19, 
2008. 

* cited by examiner 



US 8,647.412 B2 Sheet 1 of 2 Feb. 11, 2014 U.S. Patent 

12 

Figure 1 

Figure 2 

  



Sheet 2 of 2 U.S. Patent US 8,647.412 B2 Feb. 11, 2014 

APTEOS 

Figure 3 

OO N) GO LO <F CYD CN <- O 

2O 30 40 50 
Desorption time (min) 

10 

Figure 4 

  



US 8,647,412 B2 
1. 

SORBENT ARTICLES FORCO, CAPTURE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims the benefit of priority under 35 
U.S.C. S 119 of U.S. Provisional Application Ser. No. 61/447, 
341 filed on Feb. 28, 2011 the content of which is relied upon 
and incorporated herein by reference in its entirety. 

FIELD OF THE DISCLOSURE 

This disclosure relates generally to Sorbent articles com 
prising an organic-inorganic sorbent material derived from a 
functionalized alkoxysilanes and polyamines. The sorbent 
articles may be useful, for example, for removing CO from a 
gas Stream. 

BACKGROUND 

Many industrial processes, such as coal gasification, bio 
mass gasification, Steam reforming of hydrocarbons, partial 
oxidation of natural gas, and like processes, produce gas 
streams that include, for example, CO. There are major 
concerns that Such CO is responsible for the greenhouse 
effect. It is therefore desirable to remove or capture CO, from 
those gas mixtures. 

SUMMARY 

Disclosed herein is a sorbent article for removing CO 
from a gas, the sorbent article comprising a substrate com 
prising porous channel walls defining open channels, and an 
organic-inorganic sorbent material distributed on a Surface of 
the porous channel walls, wherein the sorbent material is 
derived from an amino-functionalized alkoxysilane and a 
silylated polyamine, wherein the wherein the sorbent mate 
rial is present in an amount equal to or greater than 10 g/l. 
wherein at least some of the sorbent material resides in the 
porous channel walls and forms CO Sorption sites within the 
interior of the porous channel walls. 

Also disclosed herein is a sorbent article for removing CO, 
from a gas, the Sorbent article comprising a Substrate com 
prising porous channel walls defining open channels, and an 
organic-inorganic sorbent material distributed on a Surface of 
the porous channel walls, wherein the sorbent material is 
derived from an epoxide-functionalized alkoxysilane and a 
polyamine, wherein the Sorbent material is present in an 
amount equal to or greater than 10 g/l, wherein at least some 
of the sorbent material resides in the porous channel walls and 
forms CO sorption sites within the interior of the porous 
channel walls. 

Also disclosed is a method of removing CO from a fluid, 
the method comprising contacting the Sorbent articles 
described above with a fluid stream comprising CO. The 
method may further comprise releasing at least a portion of 
sorbed CO from the sorbent article. 

Additional features and advantages will be set forth in the 
detailed description which follows, and in part will be readily 
apparent to those skilled in the art from the description or 
recognized by practicing the embodiments as described in the 
written description and claims hereof, as well as the appended 
drawings. 

It is to be understood that both the foregoing general 
description and the following detailed description are merely 
exemplary, and are intended to provide an overview or frame 
work to understand the nature and character of the claims. 
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2 
The accompanying drawings are included to provide a 

further understanding, and are incorporated in and constitute 
a part of this specification. The drawings illustrate one or 
more embodiment(s), and together with the description serve 
to explain principles and operation of the various embodi 
mentS. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic illustration of an embodiment of the 
organic-inorganic hybrid sorbent. 

FIG. 2 shows CO adsorption and desorption according to 
an embodiment disclosed herein. 
FIG.3 shows CO adsorption and desorption according to 

an embodiment disclosed herein. 
FIG. 4 shows desorption peaks of CO according to an 

embodiment disclosed herein. 

DETAILED DESCRIPTION 

Disclosed herein is a sorbent article comprising a substrate 
comprising porous channel walls defining open channels, and 
an organic-inorganic hybrid Sorbent material distributed on a 
surface of the porous channel walls, wherein the sorbent 
material is derived from an amino-functionalized alkoxysi 
lane and a silylated polyamine, wherein the Sorbent material 
is present in an amount equal to or greater than 10 g/l, wherein 
at least some of the Sorbent material resides in the porous 
channel walls and forms CO sorption sites within the interior 
of the porous channel walls. Also disclosed herein is a sorbent 
article for removing CO2 from a gas, the Sorbent article com 
prising a substrate comprising porous channel walls defining 
open channels, and an organic-inorganic Sorbent material 
distributed on a surface of the porous channel walls, wherein 
the sorbent material is derived from an epoxide-functional 
ized alkoxysilane and a polyamine, wherein the wherein the 
sorbent material is present in an amount equal to or greater 
than 10 g/l, wherein at least some of the sorbent material 
resides in the porous channel walls and forms CO Sorption 
sites within the interior of the porous channel walls. The 
sorbent articles disclosed may be useful, for example, for 
removing CO from a gas. 

In embodiments, the organic-inorganic hybrid sorbent is a 
silylated polyamine. Organic-inorganic hybrid sorbents may 
comprise amino functionality, allowing them to be used to 
Sorb gases such as CO. Embodiments of the organic-inor 
ganic hybrid sorbents have a network of silylated polyamine 
polymers in which the inorganic moiety is attached to the 
organic polymer. The result is an organic-inorganic hybrid 
sorbent with uniform packing densities and microstructural 
homogeneity that is capable of effectively capturing CO 
from a mixture of gases. 
A Sol comprising a silylated polyamine helps to form a 

sorbent with uniform density and microstructural homogene 
ity by polymerization of the silane moiety through a sol-gel 
process while the amino moiety provides a functional group 
for capturing CO. In embodiments, the methods disclosed 
herein provide an efficient and cost effective process for mak 
ing the organic-inorganic hybrid Sorbent. 
The Sol-gel process is a wet-chemical technique well 

known in the art. It begins with a chemical Solution or Sus 
pension, the 'sol” which acts as a precursor for an integrated 
network, or “gel' of network polymers. The sol has the mono 
meric units (i.e. the silylated polyamine) and may also have 
other desired components of the final gel either in solution or 
as a suspension of Submicron particles. The Sol-gel process is 
a dynamic process where polycondensation begins in the Sol 
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and proceeds to a gel point. At the gel point, the polymeriza 
tion is so extensive that it cannot be poured. The Sol is cast or 
deposited before the gel point and polycondensation contin 
ues to the gel point after the Sol is cast or deposited, particu 
larly as it begins to dry and the Sol becomes concentrated. 
Polycondensation may continue past the gel point, creating a 
stiffer gel. 

In some embodiments, a Sol is prepared by adding the 
silylated polyamine to an aqueous solvent. The silylated 
polyamine may be a polyamine having at least one silane or 
alkoxysilane moiety attached anywhere within the 
polyamine. The polyamine may be a homopolymer or it may 
be a heteropolymer. A heteropolymer may have different 
amine units or it may have a combination of amino and other 
moieties such as a poly(amino-alcohol). In the Sol, the silane 
moiety of the silylated polyamine undergoes hydrolysis and 
is partially or fully hydroxylated. If the silane moiety is an 
alkoxy silane, the alkoxy groups may be replaced by a 
hydroxyl moiety. In one exemplary embodiment, the silane 
moiety is a trialkoxysilane and with hydrolysis at least one of 
alkyloxy groups of the trialkoxysilane replaced with a 
hydroxyl group. The hydroxyl group can then react with 
either another hydroxyl moiety or an alkoxy moiety in a 
second silylated polyamine through a polycondensation reac 
tion. A silica particle?core 14 is formed as the reaction con 
tinues (see FIG. 1), creating a polymer network and ulti 
mately a gel. The silica core 14 along with the polyamine 12 
form the organic-inorganic hybrid sorbent 10. 

In one embodiment there is provided a method for making 
an organic-inorganic hybrid sorbent. The method may com 
prise the steps of preparing a Sol comprising at least one 
silylated polyamine and an aqueous solvent, casting the sol 
onto a Surface and drying the Sol to form the organic-inor 
ganic hybrid sorbent. The silylated polyamine may function 
both as the precursor to the silica core as well as the functional 
polymer where the amino-moieties sorb the CO. The sily 
lated polyamine may be, but is not limited to, silylated poly 
ethylenimine (SPEIm), silylated polyvinylpyridine, silylated 
polydimethylaminoethylmethacrylate, silyated polyviny 
lamine, silylated polyallylamine (PAAm) or combinations 
thereof. In an illustrative embodiment, the silylated 
polyamine is trimethoxysilylpropyl modified polyethylen 
imine, silylated polyethylenimine. The Sol may comprise 
from about 5 wt % to about 40 wt % (or higher) of the silylated 
polyamine. In an embodiment, the Sol may comprise from 
about 10 wt % to about 20 wt % of the silylated polyamine. It 
is well known in making Sol Solutions that the concentration 
of the silylated polyamine may be such so that the sol does not 
begin to gel before being cast or deposited on a Substrate. The 
working time for a Sol will depend on the silylated polyamine 
being used as well as concentration and temperature. Those 
skilled in that art will be able to determine the best concen 
tration for forming a gel from a Sol without undue experimen 
tation. 

Likewise, the choice of aqueous solvent may be dependent 
on the silylated polyamine(s) comprising the Sol. By way of 
non-limiting example, SPEIm may be in aqueous isopro 
panol. The aqueous solvent may be chosen based on the 
solubility characteristics of the desired silylated polyamines. 
Other examples of aqueous solvents may be short alkyl chain 
alcohols such as methanol and ethanol, either alone or in 
combination with water. 

In some embodiments, the silylated polyamine is prepared 
via an in-situ silylating process before preparing the Sol, and 
Subsequently the organic-inorganic hybrid Sorbent. The 
polyamine may be in-situ silylated in an aqueous system 
through a reaction with a silane, for example, glycidylpropy 
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4 
ltrimethoxysilane (GPTMOS). In some embodiments, more 
than one silane may be used. Polyamines suitable for in-situ 
silylation include, for example, polyethylenimine, polyally 
lamine, and polyvinylamine. 
The Sol can be either cast onto a surface (e.g., by dip 

coating or spin-coating), formed into a shaped body, or used 
to synthesize powders, microspheres, or nanospheres. In one 
embodiment, the Sol is cast on a Substrate to produce an 
organic-inorganic hybrid Sorbent article. The Substrate may 
be, but is not limited to, a ceramic honeycomb Substrate. In 
another embodiment, the sol is formed into a shaped body, for 
example a honeycomb Substrate. In yet another embodiment, 
the dried sol is used to obtain a powdered sorbent. 
Once the sol is cast on the desired surface and/or substrate, 

the Soland/or Subsequent resulting gel may be dried removing 
the remaining liquid (solvent). As described above, the Sol 
gel process is a dynamic process and drying the Sol may 
hasten the onset of the gel point. 

In embodiments, the Sol, and Subsequently the organic 
inorganic hybrid sorbent, may further have at least one hydro 
philic polymer. The sol may have from about 5 wt % to about 
25 wt % of the hydrophilic polymer where the hydrophilic 
polymer is an alcohol-based polymer or an amino-function 
alized alcohol polymer. Non-limiting examples of alcohol 
based polymers may be poly(vinyl alcohol) (PVA) or poly 
(allyl alcohol) (PAA), poly(hydroxyethyl methacrylate) 
(PHEMa) or combinations thereof. Non-limiting examples of 
the amino-functionalized alcohol polymer may be poly(vinyl 
alcohol-co-vinylamine) (PVA Am), poly(vinyl alcohol-co-al 
lylamine) (PVAAAm), poly(aminoprolyl methacrylamide 
co-hydroxyethyl methacrylate) (PAPMa-co-HEMa) or com 
binations thereof. The hydrophilic polymer may be 
distributed throughout the gel as it is formed and subse 
quently, the organic-inorganic hybrid composition mem 
brane. It may interact with the silylated polyamine through 
ionic bonding, hydrogen bonding or by Vander Waal forces. 
However, it is not necessary that the hydrophilic polymer 
interact with the silylated polyamine. Optionally, the hydro 
philic polymer may be crosslinked to the polyamine either 
chemically, by radiation or UV, or thermally. It may be 
crosslinked in the solor after the gel is formed. If the hydro 
philic polymer is an amino-functionalized alcohol polymer, it 
may provide additional amine functionality for Sorbing CO. 

In embodiments, the Sol, and Subsequently the organic 
inorganic hybrid Sorbent, may also have at least one alkox 
ysilane. In illustrative embodiments, the alkoxysilane may be 
an amine-functionalized alkoxysilane Such as, but not limited 
to, aminopropyltriethoxysilane (APTEOS), (3-trimethoxysi 
lylpropyl)diethylenetriamine (TMSPDETA), glycidylpropy 
ltrimethoxysilane (GPTMOS), N-(2-aminoethyl)-3-amino 
propyltrimethoxysilane, N-(2-aminoethyl)-3- 
aminoisobutylmethyldimethoxysilane, or combinations 
thereof. The amine-functionalized alkoxysilanes can form 
amino-functionalized silica particles through the formation 
of a silica core as described above for the silylated polyamine. 
The alkoxysilanes along with the silylated polyamines may 
form a heterogeneous silica core having both compounds. In 
Some embodiments, non-amino-functionalized silanes/silox 
anes may be used, for example, epoxide-functionalized 
alkoxysilanes may be used. 
The organic-inorganic hybrid sorbent may be disposed on 

a Substrate using a Suitable technique Such as by applying a 
Solution of the organic-inorganic hybrid sorbent to the Sub 
strate. As examples, the organic-inorganic hybrid sorbent can 
be applied by dipping the Substrate in a solution comprising 
the organic-inorganic hybrid sorbent, by pouring the Solution 
comprising the organic-inorganic hybrid Sorbent on the Sub 
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strate, or by spraying a solution comprising the organic-inor 
ganic hybrid sorbent on the substrate. 
The eventual quantity of organic-inorganic hybrid sorbent 

formed on the flow-through substrate is dependent on the 
amount of organic-inorganic hybrid Sorbent that is retained 
by the Substrate. The amount of organic-inorganic hybrid 
sorbent retained by the Substrate can be increased e.g., by 
contacting the Substrate with the organic-inorganic hybrid 
sorbent more than once and allowing the Substrate to dry 
between contacting steps. In addition, the amount of organic 
inorganic hybrid sorbent retained by the substrate can be 
controlled by simply modifying the overall porosity of the 
Substrate (e.g., increasing porosity will increase the amount 
of organic-inorganic hybrid Sorbent retained by the Sub 
strate). In some embodiments, the amount of organic-inor 
ganic hybrid sorbent disposed on the flow-through substrate 
results in greater than 10 g/l sorbent loading, greater than 25 
g/l sorbent loading, greater than 50 g/l sorbent loading, 
greater than 75 g/l sorbent loading, greater than 100 g/l Sor 
bent loading, greater than 200 g/l Sorbent loading, greater 
than 300 g/l sorbent loading, greater than 400 g/l sorbent 
loading, or greater than 500 g/l Sorbent loading. 

In some embodiments, the organic-inorganic hybrid Sor 
bent is distributed on a surface of the porous channel walls of 
a Substrate. For example, the organic-inorganic hybrid Sor 
bent may be distributed on all or a portion of the exposed 
surfaces of the porous channel walls. In embodiments where 
the porous channel walls comprise combinations of pore sizes 
and porous networks throughout the porous channel walls, 
the organic-inorganic hybrid Sorbent may impregnate the 
porous channel walls of the Substrate to any extent. In some 
embodiments, the organic-inorganic hybrid sorbent is distrib 
uted on the Surfaces of the porous channel wall and any outer 
Surfaces of the Substrate. In some embodiments, the organic 
inorganic hybrid sorbent is in the form of an uninterrupted 
and continuous coating overall or a portion of the Surfaces of 
the Substrate. In other embodiments, the organic-inorganic 
hybrid sorbent comprises cracks, pinholes, or other disconti 
nuities. In some embodiments, the organic-inorganic hybrid 
sorbent is distributed on the surface of the porous channel 
walls in a particle form. In embodiments, there is minimal 
blockage of pores by the organic-inorganic hybrid Sorbent. 

In some embodiments, at least a portion of the organic 
inorganic hybrid sorbent is chemically bound to at least a 
portion of flow-through substrate. Thus, in these embodi 
ments, some orall of the organic-inorganic hybrid Sorbent can 
be chemically bound to some or all of the flow-through sub 
Strate. 

In some embodiments, at least a portion of the organic 
inorganic hybrid sorbent is mechanically bound to at least a 
portion of flow-through substrate. Thus, in these embodi 
ments, some orall of the organic-inorganic hybrid Sorbent can 
be mechanically bound to some or all of the flow-through 
substrate. 

In some embodiments, the Substrate comprises a glass, 
glass-ceramic, ceramic, or combinations thereof. Some 
example Substrate materials include cordierite, mullite, clay, 
magnesia, metal oxides, talc, Zircon, Zirconia, Zirconates, 
Zirconia-spinel, spinel, Zeolite, alumina, alumina-titanate, 
titania, alumino-silicates, silica, Silicates, magnesium alu 
mino-silicates, borides, feldspar, fused silica, nitrides, car 
bides, silicon nitride, metal sulfates, metal carbonates, metal 
phosphates, or combinations of these. 

In some embodiments, the porous channel walls of the 
Substrate have a Surface porosity of greater than 60%, greater 
than 65%, greater than 70%, or greater than 75%. In some 
embodiments, the porous walls of the substrate have a surface 
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6 
area of 100 m/g or more, 150 m/g or more, 200 m/g or 
more, or 250 m/g or more. In some embodiments, the porous 
channel walls have pore sizes greater than 10 microns, greater 
than 25 microns, greater than 50 microns, greater than 75 
microns, greater than 100 microns, greater than 125 microns, 
greater than 150 microns, greater than 200 microns, greater 
than 500 microns, or combination thereof. In some embodi 
ments, combinations of high porosity and large pores sizes 
allow for greater Sorbent material loading, for example 
greater amounts of Sorbent materials deposition within the 
pore structure of the porous channel walls. 

In some embodiments, the Substrate has a honeycomb 
structure comprising an inlet end, an outlet end, and open 
channels (also referred to as cells) extending from the inlet 
end to the outlet end. In some embodiments, the honeycomb 
comprises a multiplicity of channels extending from the inlet 
end to the outlet end, the channels being defined by intersect 
ing channel walls. 
The Substrate may be made using Suitable techniques, for 

example, the Substrate may be made by extrusion. 
A sorbent article as disclosed, including any of the embodi 

ments described herein, may be used, for example, for the 
removal of CO from a gas through contact with the gas. For 
example, a gas stream may be passed through open channels 
of a Substrate, having an organic-inorganic hybrid sorbent 
distributed thereon, from the inlet end to the outlet end. 
The terms “sorb,” “sorption,” and “sorbed,” refer to the 

adsorption, Sorption, or other entrapment of the CO on the 
sorbent article, either physically, chemically, or both physi 
cally and chemically. 

In some embodiments, the CO, sorption occurs at a tem 
perature up to 30° C., 40° C., 50° C., 60° C., or 70° C. 
The CO removal from a gas may further include the step of 

releasing the CO2 from the organic-inorganic hybrid sorbent 
article. For example at least a portion of sorbed CO is des 
orbed from the sorbent article by providing the article having 
CO, sorbed thereon, and heating it to a temperature above the 
desorption temperature of the CO. Desorbing of the sorbed 
CO may also be referred to as regeneration of the sorbent 
article. The sorbent article may be heated using a suitable 
method. For example, in one embodiment, the sorbent article 
may be heated by a flow of hot inert gas Such as nitrogen. 
A sufficient temperature to desorb the CO will depend, in 

part, on the amount of CO that is present. In one embodi 
ment, a Sufficient temperature can comprise heating the 
article at a temperature in the range of from 50° C. to 300°C., 
including, for example, temperatures of 100° C., 150° C. 
180° C., or 200° C. In another embodiment, the sufficient 
heating temperature can be in a range derived from these 
values, including for example, a range from 90° C. to 200°C., 
Or 90° C. to 180° C. 

In some embodiments, a sorbent article is capable of more 
than one cycle of sorption and desorption of CO. For 
example, the sorbent article may be used for CO removal 
from a gas and regenerated to remove the sorbed CO, the 
article may then be used again for CO removal from a gas. In 
some embodiments, the sorbent article may be capable of 2 or 
more, 5 or more, 10 or more, 50 or more, or 100 or more 
cycles of Sorption and desorption of CO. 

Various embodiments will be further clarified by the fol 
lowing examples. 

Examples 1-3 

In a vial, an amount of a chemical was charged and then an 
amount of water was added and this was mixed well, for 
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example, 5.0 g APTEOS and 5.0 g water was mixed well and 
a 50% aqueous solution was obtained. Three solutions were 
prepared as shown in Table 1. 

TABLE 1. 

Chemical Description 

APTEOS Prepared into aqueous solution by adding water 
(a 50% solution was prepared) 

SPEI Prepared into a waterfisopropanol solution by adding 
water (a 25% solution was prepared) 

APTEOS/SPEI Prepared into waterfisopropanol solution by adding water 
(a 37.5 solution with APTEOS:SPEI isopropanol solution 
at 1:1, wtiwt was prepared 

Glass wool paper was used as a Substrate for examples 1-3. 
The Substrate (its mass was measured before applying the 
sorbent) was submerged into a solution for 10-15 seconds and 
then dried at room temperature from hours to overnight (its 
mass was measured again). The weight gain (the percentage 
of the solid sorbent with moisture) was obtained by the mass 
difference (the percent weight gain was about 65% for the 
tested Samples). 

Capability of capturing CO for the resulting samples was 
conducted in a moisturized CO atmosphere with a small 
amount of back pressure). Results about the sorption A, des 
orption Band estimated moisture C capturing for the 1 cycle 
are listed in Table 2 and plotted in FIG. 2. 

TABLE 2 

Tested Sample 
(sorbent attached glass 
wool paper with % sorption % Desorption %. Moisture 
sorbent at ~65 wt %) (weight gain) (weight loss) (estimated) 

Amine-functionalized 16.5 12.7 5 
silica (from APTEOS) 
Silica attached PEI 27.1 23.1 9 
(from SPEI) 
Silica/PEI hybrid 25.5 23.1 7 
(from mixture of 
APTEOS/SPEI) 

The sorption was obtained at room temperature for 30-45 
minutes with a small back pressure using dry ice as the CO 
source and the CO gas was passed through a water bath to 
obtain the moisture; a control test was conducted in a humidi 
fied air atmosphere (containing both N and O) at the same 
condition. Just before the test, the testing sample (room tem 
perature dried for over night) was further dried in an oven 
with a forced air at 100° C. for 15 minutes. 

The desorption was achieved at 100° C. for 15 minutes in 
an oven with forced air. 

Moisture is included in the Sorption and desorption data, 
the difference between the sorption and the moisture esti 
mated is used to estimate the CO captured and the difference 
between the desorption and the moisture estimated is used to 
estimate the CO released. The moisture was estimated three 
ways: 1) the mass difference between the mass after the room 
temperature dried sample (overnight drying) and the mass 
after the oven dried sample (100° C. for 15 minutes under a 
forced air) before the sample was tested; 2) the mass differ 
ence between the mass just releasing the CO, at 100°C. for 15 
minutes and the mass obtained after placing the sample in 
hood for over night at room temperature; and 3) the mass 
difference from the control test—between the mass after 
dried at 100° C. for 15 minutes and the mass after the control 
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8 
test (with the same condition as the CO capturing test except 
using air to replace CO) and then dried at room temperature 
for overnight. 
The three samples tested in the first cycle were tested for a 

second cycle and the Sorption A, desorption B, and estimated 
moisture C are plotted in FIG. 3. 
The thermal stability and antioxidation performance was 

evaluated by the color change through heating samples in an 
oven at 100° C. with forced air. Samples that changed color 
(from colorless to light brown and dark brown) at the earliest 
time were considered to have poor thermal stability and anti 
oxidation performance. 
The amino-functionalized silica particle (from the 

APTEOS) possesses a good thermal stability and antioxida 
tion performance according to the thermal test, but shows the 
lowest sorption capability because of a relative low amount of 
amino-groups. The silica attached PEI possesses a good capa 
bility of capturing the CO, but the thermal stability and 
antioxidation performance is undesirable. The silica/PEI 
hybridderived from APTEOS/SPEI combines the advantages 
of the two materials and demonstrates a capability of captur 
ing CO close to the silica attached PEI and the thermal 
stability and anti-oxidation performance close to the amino 
functionalized silica. 

Example 4 

A silica/PEI hybrid sorbent solution as prepared above was 
distributed on a high porosity honeycomb substrate. The 
amount of solid sorbent material on the substrate was about 
10 weight percent. CO capture capability of the sample was 
tested using a gas stream of 9.2% CO., 5.5% H0, and balance 
N. Adsorption was tested at room temperature. Four cycles 
of different adsorption time were measured, from 10 minutes 
to 20 minutes. No water adsorption peak was detected, but a 
water desorption curve was observed attemperature less than 
100° C. The CO capture capacity was stable over the 4 
cycles. CO adsorption occurs within 3 minutes. An increase 
in sample temperature was observed during adsorption. The 
CO capture efficiency of this sample was about 35%. 
The sample was then heated to 120° C. to desorb the CO. 

Two desorption peaks were observed, as shown in FIG. 4. One 
peak at about 38°C. to 40°C., represents physiosorbed CO. 
The second peak at about 108° C. represents chemisorbed 
CO. The amount of physiosorbed to chemisorbed CO ratio 
is about 6:1. 

Unless otherwise expressly stated, it is in no way intended 
that any method set forth herein be construed as requiring that 
its steps be performed in a specific order. Accordingly, where 
a method claim does not actually recite an order to be fol 
lowed by its steps or it is not otherwise specifically stated in 
the claims or descriptions that the steps are to be limited to a 
specific order, it is no way intended that any particular order 
be inferred. 

It will be apparent to those skilled in the art that various 
modifications and variations can be made without departing 
from the spirit or scope of the invention. Since modifications 
combinations, Sub-combinations and variations of the dis 
closed embodiments incorporating the spirit and Substance of 
the invention may occur to persons skilled in the art, the 
invention should be construed to include everything within 
the scope of the appended claims and their equivalents. 
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What is claimed is: 
1. A sorbent article for removing CO from a gas, the article 

comprising: 
a Substrate comprising porous channel walls which inter 

sect to define a plurality of open channels extending 
from an inlet end of the substrate to an outlet end of the 
Substrate; and 

an organic-inorganic hybrid Sorbent material distributed on 
a Surface of the open channels; 
wherein the sorbent material is derived from an amino 

functionalized alkoxysilane and a silylated 
polyamine; 

wherein the Sorbent material is present in an amount 
equal to or greater than 10 g/l; 

wherein at least some of the sorbent material resides in 
the porous channel walls and forms CO adsorption 
sites within an interior of the porous channel walls; 
and 

wherein the organic-inorganic hybrid sorbent material 
has a microstructural homogeneity. 
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2. The article of claim 1, wherein the sorbent material 

comprises an SPEI-silica material. 
3. The article of claim 1, wherein the substrate is honey 

comb shaped. 
4. The article of claim 1, wherein the porous channel walls 

have a surface porosity of greater than 60%. 
5. The article of claim 1, wherein the sorbent material is 

capable of capturing CO at one temperature and releasing the 
CO at a higher temperature. 

6. A method of removing CO from a fluid, the method 
comprising: 

contacting an article of claim 1 with a fluid stream contain 
ing CO2. 

7. The method of claim 6, further comprising releasing at 
least a portion of sorbed CO, from the article. 

8. The article of claim 1, wherein the sorbent material is 
dispersed in a liquid. 


